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TENSION ASSESSMENT DURING JOINT ARTHROPLASTY 

BACKGROUND OF THE INVENTION. 

The present invention relates to a system and method for intraoperative 
assessment of tension during joint arthroplasty. The system and method of the present 
invention can be used to perform soft tissue balancing and in selecting implant 
components. 

In total joint replacement or arthroplasty, bone orientation, selection of 
prosthetic joint components and soft tissue balancing are critical to the success of the 
procedure. Considering, for example, total knee arthroplasty, one or more cutting jigs 
are used to ensure that the distal end of the femur and proximal end of the tibia are cut 
in an orientation that will properly align the patient's bones. After the bones are cut 
or resected, prosthetic components are fixed to the femur, tibia and patella to define 
the prosthetic knee joint. 

A successful joint replacement or arthroplasty procedure results, in part, from 
selection of prosthetic joint components that are dimensioned and positioned to 
closely approximate or replicate the geometry and functional characteristics of a 
natural, healthy joint. Typically, the component selection process includes a pre- 
operative analysis of joint images. A valuable intraoperative adjunct to image 
analysis is the temporary fixation of one or more provisional components to a bone or 
bones of interest at a stage of the arthroplasty procedure prior to permanent fixation of 
the prosthetic joint. The provisional components are intended to mimic certain 
aspects of the permanent prosthetic joint in order for a surgeon to validate 
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measurements and to test or "try-out" several different possible component sizes and 
configurations. Hence, provisional components are aptly known as "trials." 

In total knee arthroplasty, femoral and tibial trials are used to assist a surgeon 
in assessing the correct bone surfaces for implantation of the femoral and tibial 
5 portions of the artificial knee. A surgeon uses a tibial tray trial before fixation of the 
final implant to determine the tibial implant size, to make the appropriate cuts and 
reams in the bone, to assess alignment and to ensure correct tibial component 
thickness prior to implanting the tibial components. The surgeon uses the femoral 
trial for similar purposes. 

10 Successful knee arthroplasty also requires an analysis of the soft tissue 

supporting the knee. The knee is held together by a number of ligaments, muscles 
and tendons. Generally, the surgeon must ensure that these ligaments, muscles and 
tendons will be properly balanced with the prosthetic elements in place. A properly 
balanced knee joint will demonstrate balanced ligament tension in both extension and 

1 5 flexion. If the ligaments and tendons around the knee are not properly balanced, the 
result may be poor performance, localized high stress on the prosthetic components 
and undesirable wear on the prosthetic components. 

Commonly, surgeons assess ligament tension through a subjective process 
using spacer blocks and mechanical tensioners. If the surgeon senses that either the 

20 medial or lateral side is under excess tension, the surgeon relieves the excess tension 
by releasing a part of either the medial or lateral collateral ligament. However, the 
surgeon does not necessarily obtain the feedback necessary during ligament release to 
help assess whether the release is adequate throughout the range of motion as can only 
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be done with the trial in place. In addition, the surgeon must be careful to avoid over- 
release of the collateral ligaments, since the surgeon cannot undo the release. 

In some cases it is preferable to retain the native posterior cruciate ligment. 
Some prosthetic knees are designed to be used with the posterior cruciate ligament in 
5 place along with the prosthetic device. In these procedures, surgeons assess tension in 
the posterior cruciate ligament with femoral and tibial trials in place on the resected 
surfaces of the femur and tibia. Too much tension could result in premature wear of 
the prosthetic components, and too little tension can make the knee unstable. 
Surgeons generally release some of the fibrous attachments between the posterior 

10 cruciate ligament and the tibia until they are satisfied with the degree of tension in the 
ligament. The current intraoperative posterior cruciate ligament release procedure 
relies heavily on the surgeon's experience and subjective observations, rather than on 
objective intraoperative measurement of ligament tension. 

Similar concerns, procedures and analyses occur in arthroplasty involving 

15 other joints. 



SUMMARY OF THE INVENTION 

The need for an apparatus, system and method for intraoperative analysis 
during joint arthroplasty is met in the invention described in the application for United 
States Patent filed concurrently herewith by Ray C. Wasielewski, M.D., entitled 
20 "APPARATUS, SYSTEM AND METHOD FOR INTRAOPERATIVE 

PERFORMANCE ANALYSIS DURING JOINT ARTHOPLASTY," which is 
incorporated by reference herein in its entirety. That system provides a first joint trial 
having an articulating surface, a second joint trial having an articulating surface, a 
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flexible sensor array capable of being shaped to define a curved contour, and a 
protector having a curved contoured surface and being capable of transmitting 
pressure to the sensor array. The sensor array of that system is capable of generating 
a signal in response to pressure. In that system, the sensor array and protector are 
bonded to each other and to the surface of one of the joint trials; this assembly is 
sterilized as a unit. 

The present invention addresses the desirability of providing an alternative 
sterilization procedure for the apparatus and system disclosed in that patent 
application. In addition, the system disclosed in that patent application is for use in 
knee arthroplasty; the present invention relates to the desirability of providing such a 
system in other joint arthroplasty procedures as well. 

In one aspect, the present invention provides a modified system for balancing 
soft tissue intraoperatively during joint arthroplasty. The modified system comprises 
complementary mounting members associated with the protector and one of the trials 
for temporarily securing the sensor array between the protector and the trial. In the 
modified system, the sensor array is removable from protector and trial without 
damaging the sensor array, and the complementary mounting members limit 
movement of the protector with respect to the associated trial so that the position of 
the articulating surface of the protector is fixed relative to the articulating surface of 
the associated trial during use. 

In another aspect, the present invention provides a modified system for 
balancing soft tissue intraoperatively during joint arthroplasty. Mating members are 
associated with the protector and one of the trials for temporarily fixing the position 
of at least part of the protector with respect to the trial. In the modified system, the 



Attorney's Docket No. DEP-777NP PATENT APPLICATION 

Express Mail No. EU048062812US 

5 

sensor array is between the protector and the trial articulating surface. The sensor 
array is temporarily in a fixed position between the protector and the trial articulating 
surface and is free from adhesive. 

In another aspect, the present invention provides a modified system for 
5 balancing soft tissue intraoperative ly during joint arthroplasty. The modified system 
comprises a stud extending between the protector and one of the trials for temporarily 
fixing the position of at least part of the protector with respect to the trial. 

In another aspect, the present invention provides a modified system for 
balancing soft tissue intraoperatively during joint arthroplasty. The modified system 
10 is characterized in that the sensor array is positively located with respect to at least 
one of the protector and the associated trial. The sensor array is separable from the 
associated trial and the protector both before and after use. 

In another aspect, the present invention provides a method of sterilizing and 
assembling a system for balancing soft tissue intraoperatively during joint 
1 5 arthroplasty. In the method, the position of at least a portion of the protector is 

mechanically fixed with respect to one of the trials with the sensor array in a fixed 
position and substantially covered by at least part of the protector after the sensor 
array and the protector have been sterilized. 

In another aspect, the present invention provides a method of sterilizing and 
20 assembling a system for balancing soft tissue intraoperatively during joint 

arthroplasty. In the method, the position of the curved contoured surface of the 
protector is mechanically fixed relative to the articulating surface of one of the trials 
with the sensor array between the curved contoured surface of the protector and the 
articulating surface of the trial. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings like reference numbers are used for like parts 
in all embodiments. 

FIG. 1 is a perspective view of an instrumented tibial trial incorporating the 
5 principles of the present invention; 

FIG. 2 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIG. 1, taken along line 2-2 of FIG. 1; 

FIG. 3 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIGS. 1-2, taken along line 3-3 of FIG. 1; 
10 FIG. 4 is a diagrammatic view of the instrumented tibial trial of FIGS. 1-3, 

together with a femoral trial, in position on the resected tibial and femoral surfaces of 
a patient; 

FIG. 5 is a perspective view of the protector of the first embodiment of the 
instrumented tibial trial; 
15 FIG. 6 is a perspective view of the sensor array of the first embodiment of the 

instrumented tibial trial; 

FIG. 7 is a perspective view of the tibial insert trial of the first embodiment of 
the instrumented tibial trial; 

FIG. 8 is a perspective view of a standard tibial tray trial for use with the first 
20 embodiment of the invention; 

FIG. 9 is a perspective view of a second embodiment of an instrumented tibial 
trial incorporating the principles of the present invention; 



Attorney's Docket No. DEP-777NP PATENT APPLICATION 

Express Mail No. EU048062812US 

7 

FIG. 10 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIG. 9, taken along line 10-10 of FIG. 9; 

FIG. 1 1 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIGS. 9-10, taken along line 11-1 lof FIG. 9; 
5 FIG. 12 is a perspective view of a third embodiment of an instrumented tibial 

trial incorporating the principles of the present invention; 

FIG. 13 is a cross-section of the instrumented tibial trial portion of the 
instrumented tibial trial of FIG. 12, taken along line 13-13 of FIG. 12; 

FIG. 14 is a cross-section of the instrumented tibial trial portion of the 
10 instrumented tibial trial of FIGS. 12-13, taken along line 14-14 of FIG. 12; 

FIG. 15 is a perspective view of an alternate embodiment of a protector for use 
as part of a modified instrumented tibial trial; 

FIG. 16 is a perspective view of a positioner for use as part of a modified 
instrumented tibial trial; 
1 5 FIG. 1 7 is a perspective view of a sensor array for use with the protector and 

positioner of FIGS. 15-16; 

FIG. 18 is a cross-section of an instrumented acetabular liner for use with an 
acetabular trial; 

FIG. 19 is a side elevation of a typical femoral head trial for a hip prosthesis 
20 trial; FIG. 20 is a side elevation of an instrumented humeral head trial of a shoulder 
prosthesis trial; 

FIG. 21 is a cross-section of a glenoid component trial of a shoulder prosthesis 

trial; 
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FIG. 22 is a side elevation of a typical metacarpal trial of a wrist prosthesis 
trial; and 

FIG. 23 is a side elevation of an instrumented radial component trial of a wrist 
prosthesis trial. 

5 DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
The present invention provides a modified system for intraoperative 
assessment of tension during joint arthroplasty. This intraoperative assessment 
provides the surgeon with a valuable tool, providing objective information that the 
surgeon can use, particularly in performing soft tissue release as part of the 

10 arthroplasty procedure. As used herein, "intraoperative assessment of tension", 
"assess tension intraoperatively" and grammatical variations of these phrases are 
intended to include the provision of information useful for soft tissue release and 
balancing as well as the for the selection of implant components, and any other use of 
such information; these phrases are not intended to exclude other analyses or other 

1 5 uses of this information. 

The basic elements of the system disclosed in "APPARATUS, SYSTEM 
AND METHOD FOR INTRAOPERATIVE PERFORMANCE ANALYSIS 
DURING JOINT ARTHOPLASTY," filed concurrently herewith by Ray C. 
Wasielewski, M.D., can be used in the present invention, modified as described 

20 below. 

The modified system and method of the present invention can be used in knee, 
hip, wrist, shoulder and ankle joint arthroplasty, for example. Examples of some of 
such potential uses are illustrated in the accompanying drawings. However, the 



Attorney's Docket No. DEP-777NP PATENT APPLICATION 

Express Mail No. EU048062812US 

9 

present invention is not limited to any particular use unless expressly called for in the 
claims. 

In each of the embodiments, the modified system of the present invention 
includes two joint trials, a first instrumented joint trial generally designated 10A-F in 
5 FIGS. 1, 4, 9, 12, 18, 20, 23 and a second joint trial designated 12A and 12 D-F in 
FIGS. 4, 19, 21 and 22. It should be understood that the second joint trial 12A shown 
in FIG. 4 can be used with the first joint trials 10A, 10B, 10C of the first three 
embodiments of the invention. 

The first three embodiments of the invention, illustrated in FIGS. 1-17, are for 

10 use in knee arthroplasty to provide information for assessing tension intraoperatively. 
In all of these embodiments, the first joint trials 10A, 10B, 10C comprise modified 
instrumented tibial trial assemblies. These modified instrumented tibial trial 
assemblies can be used with a femoral trial, shown as 12A in FIG. 4, as disclosed in 
"APPARATUS, SYSTEM AND METHOD FOR INTRAOPERATIVE 

15 PERFORMANCE ANALYSIS DURING JOINT ARTHOPLASTY." As shown in 
FIG. 4, the femoral trial has curved convex articulating surfaces 14, 16. The femoral 
trial is temporarily mounted at the distal end of the femur 18 and the tibial trial 10A is 
temporarily mounted at the proximal end of the tibia 20. As shown in FIGS. 1 , 9 and 
12, each of the instrumented tibial trials 10A, 10B and 10C has curved concave 

20 articulating surfaces 22, 24; these concave articulating surfaces 22, 24 receive the 
convex articulating surfaces 14, 16 of the femoral trial 12 A. As in the original 
system, there is a flexible sensor array 26 and a protector 28 in the modified system. 
However, in this modified system, the sensor array 26 and protector 28 are not bonded 
together. The sensor array 26 and protector 28 can be supplied to the surgeon as 
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discrete elements in separate packages subjected to separate, and perhaps different, 
sterilization procedures. The surgeon can then assemble the sensor array 26, protector 
28, tibial insert trial 30 and tray trial 32 intraoperative^. After this initial use, the 
modified system of the present invention allows for separation of the sensor array 

5 from the protector so that they can be separately cleaned and sterilized and then 
prepared for reuse. 

In the following description, the designation 26A is used to refer to the 
flexible sensor array that is sized and shaped for use in knee arthroplasty. The 
designation 26D is used for the sensor array that is sized and shaped for use in hip 

10 arthroplasty. The designation 26E is used for the sensor array that is sized and shaped 
for use in shoulder arthroplasty. The designation 26F is used for the sensor array that 
is sized and shaped for use in wrist arthroplasty. Otherwise, each of these sensor 
arrays 26A, 26D-F may have similar characteristics as described below. 

Designations 28A-28G are used for the various designs illustrated for 

15 protectors, and designations 30A-30F are used for the various designs of trials that are 
later assembled into instrumented trials, designated 10A-10F in the drawings. 
Designations 32A, 32D-F are used for the various elements that receive the trial 
elements 30A-30F. 

The femoral trial 12A and tibial tray trial 32A of the modified system can be 
20 standard commercially available trials, such as those available from DePuy 

Orthopaedics, Inc. of Warsaw, Indiana. Suitable standard prosthetic femoral and 
tibial tray trials are available from DePuy under trademarks such as LCS ®, LCS ® 
COMPLETE, P.F.C.® SIGMA, and P.F.C.® SIGMA RP™. However, it should be 
understood that these commercial products are identified for purposes of illustration 
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only; the invention is not limited to any particular product unless expressly called for 
in the claims. The tibial insert trials 30A-30C may have many of the standard features 
of the corresponding commercially available tibial insert trials 30A-30C, modified as 
described below. 

5 The designs, shapes, sizes and construction of the femoral and tibial trial 

elements may vary from those illustrated. Other implant designs will typically have 
trials and trial components generally corresponding in shape and size to the implant 
components. For example, the present invention may be applied to trials for use with 
cruciate retaining prosthetics as well as posterior stabilized prosthetics, whether fixed 

1 0 or mobile bearing. 

Each of the sensor arrays 26A, 26D-F in the illustrated embodiments 
comprises a grid of pressure transducers connected together to define a thin, flexible 
and conformable sheet. For the knee system, two sensor arrays can be provided, one 
for each of the medial and lateral curved concave portions of the articulating surface 

1 5 of the tibial insert trial. Alternatively, a butterfly-shaped sensor array could be 

provided, one wing for each of the medial and lateral curved concave portions of the 
articulating surface. Such butterfly-shaped sensor arrays 26 A are shown in the 
illustrated embodiments of knee systems. The pressure transducers of the sensor 
arrays produce a signal in response to pressure; in the illustrated embodiment the 

20 pressure transducers produce electrical signals, but the invention is not so limited 
unless expressly called for in the claims. 

An illustrative sensor array 26A, 26D-F preferably has the following 
characteristics: it is thin (e.g., about 1 mm thick or less), usable over the range of 
anticipated pressures (e.g., 5-200 N/cm 2 ), elastically deformable to the contour of the 
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trial articulating surface, and is capable of being sterilized, particularly by 
conventional sterilization techniques. The sensor array or components of the sensor 
array preferably correspond in shape with the entire articulating surface 22, 24 that is 
designed to bear against the opposing articulating surface or surfaces 14, 16 of the 
5 opposite trial 12 A. It should be understood that the actual shape and dimensions for 
each sensor array can therefore vary with the design and size of the trials and with the 
particular joint. 

A suitable example of a commercially available sensor array 26A, 26D-F is 
available from novel Electronics Inc. of St. Paul Minnesota (and novel gmbH of 

10 Munich, Germany, www.novel.de). It is identified by novel as part of the "pliance" 
system. Each pad has 128 pressure sensors, a thickness of less than 1 mm, a total 
sensor area of 43 x 21.5 mm 2 , an elasticity of greater than 2%, a sensitivity of less 
than 2 N/cm 2 and greater than 4 N/cm 2 , and a usable pressure range of 5-140 N/cm 2 . 
Two such pads may be used for the tibial trial. It should be understood that this 

1 5 particular sensor array and the above-identified characteristics of the sensor array are 
provided by way of example only; the present invention is not limited to this sensor 
array or these characteristics unless expressly called for in the claims. For example, it 
is expected that new materials and new products will become commercially available 
that could be used with the present invention; for example, a capacitive fabric could 

20 be usable. Moreover, it may be desirable to use separate sensor elements or arrays 

that are connected to provide input to the same computer. The term "sensor array" as 
used herein should be understood to include both integral and separate configurations 
of sensors and sensor mats unless expressly limited by the claims. "Sensor array" is 
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intended to broadly encompass devices such as those described herein as well as those 
made of other materials (e.g., a capacitive fabric) and having other characteristics. 

The protectors 28A-28G in the present invention comprise a formed polymer 
cover or shell. The protectors for the first three illustrated embodiments of the 

5 invention are designated 28A, 28B and 28C, and the protectors for the other 
embodiments are designated 28D-F. 

As in "APPARATUS, SYSTEM AND METHOD FOR INTRAOPERATIVE 
PERFORMANCE ANALYSIS DURING JOINT ARTHOPLASTY," the protector 
28A, 28B, 28C for the knee trials is formed to have medial and lateral curved 

10 contours, concave on the proximal side 34 and convex on the side 36 that faces the 
tibial insert trial 30 to substantially complement the concave contour of the proximal 
surface 38 of the tibial trial insert. 

Generally, the protector 28A-28G is provided to protect the sensor array 26A, 
26D-F from the stresses of the trialing process. It should be capable of being 

1 5 sterilized for use in surgery, and should be capable of transferring stress to the sensor 
array 26A, 26D-F so that forces and pressure distributions and concentrations can be 
analyzed or evaluated and used as discussed below. The protector 28A-28G in the 
illustrated embodiments comprises high density polyethylene (HDPE). The illustrated 
protectors 28A-28F each have a thickness of about 1/32 inch (about 0.8 mm), or 

20 slightly more, and each can be formed from a sheet of high density polyethylene. A 
commercially available material can be used for the protector. Suitable examples 
include 0.20" HDPE sheet and .030" HDPE sheet available from Eastech Plastics of 
Columbus, Ohio. It should be understood that the particular material and form of this 
material are identified for purposes of illustration only; the present invention is not 
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limited to any particular polymer or any particular form of polymer unless expressly 
called for in the claims. For example, depending on the procedure used for making 
the protector, material such as low density polyethylene and polypropylene might be 
usable. 

5 In the embodiment of FIGS. 1 -8, the protector 28 A has a plurality of apertures 

or holes 40, 42 aligned along the central plane 44 of the protector 28A, as shown in 
FIG 5. As shown in FIGS. 1 and 5, the first illustrated protector 28A also has a pair 
of spaced cut-outs 46, 48 along the periphery. The first illustrated tibial trial insert 
30A has complementary structures that allow the protector 28A and sensor array 26A 
10 to be removably mounted to the tibial trial and to be properly positioned with respect 
to the tibial trial. 

In the first embodiment, as shown in FIG. 7, the tibial insert trial 30A has a 
pair of upstanding studs 46, 48 integral with the inset trial 30 A and extending up from 
the proximal surface 38 of the trial. The studs 46, 48 are positioned along the central 

1 5 plane 50 of the insert trial 30A to align with the holes 40, 42 of the protector 28A. 

The studs 46, 48 and holes 40, 42 are complementary to allow for a press-fit or snap- 
fit of the protector 28 A onto the tibial insert trial 30A, and to allow the protector 28 A 
to be manually removed from the tibial insert trial 30 A after use. 

It should be understood that variations in this design are possible. For 

20 example, as shown in the embodiment of FIGS. 9-11, studs 52, 54 could be formed 
integral with the protector 28B and could mate with apertures or holes 56, 58 in the 
insert trial 30B. Although not illustrated, it should be understood that further 
variations could be made. For example, holes could be provided in both the protector 
and the insert trial articulating surface, and discrete studs could be inserted to mount 
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the protector on the trial. Studs could also be formed as discrete elements and then 
bonded to either the protector or the trial. Instead of studs and holes, complementary 
detents and ledges (as in the embodiment illustrated in FIG. 23 for a trial for a wrist 
prosthesis), complementary snap elements, or flaps and undercuts, for example, could 

5 be formed in the protector and trial to allow for a press-fit or snap-fit mounting of the 
protector on the trial. Moreover, to simplify mounting and removal of the protector, 
there could be slits provided in the protector or tibial insert trial around the apertures 
or holes. Various combinations of the above-mentioned elements could also be 
employed. However, it should be understood that the invention is not limited to such 

10 complementary press-fit or snap-fit structures unless expressly called for in the 

claims. Structures such as nuts and bolts, screws and clamps could also be used, for 
example. All of the above-mentioned structures and their equivalents are intended to 
be encompassed within the phrase "means for mechanically connecting the protector 
to the trial." 

15 The illustrated complementary mounting members 40, 42 46, 48, 52, 54, 56, 

58 serve to limit movement of the protectors 28A, 28B away from the proximal 
articulating surface 38 of the trial insert 30A, 30B, and provide a predetermined 
maximum distance between the articulating surface 38 of the trial insert 30A, 30B and 
the articulating surface 34 of the protector 30 A, 3 OB. Since the sensor array 26 A is 

20 placed between the protector 28 A, 28B and the articulating surface 38 of the trial 
insert 30A, 30B, this predetermined maximum distance corresponds generally with 
the sum of the thickness of the protector 28 A, 28B and the thickness of the sensor 
array 26A. Thus, the combination of the shape of the protector 28A, 28B and the 
mounting mechanism also lock the sensor array 26A between complementary concave 
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and convex surfaces, and force the flexible sensor array 26A to generally conform to 
the shape of the insert trial articulating surface 38. Thus, when the elements 26A, 
28A or 28B, 30A or 30B are assembled, the sensor array 26A will have a curved 
contour like those of the proximal articulating surface 38 of the insert trial 30A, 30B 
5 and the protector 28A, 28B. Similar results are obtained with the other sensor arrays 
26D-F and protectors 28C-28F. 

In the first two illustrated embodiments, the sensor array 26A has preformed 
holes 60, 62 corresponding to the positions of the preformed holes in the protector or 
insert trial, and the studs extend through the holes 60, 62 in the sensor array 26. 

10 The first illustrated embodiment also includes locating features. As shown in 

FIGS. 6-7, the protector 28 A has a pair of cut-outs 46, 48 and the proximal surface 38 
of the insert trial 30A has a pair of mating lands 64, 66. The fit of the cut outs 46, 48 
and the lands 64, 66 assures proper positioning of the protector 28A on the insert trial 
30A. It should be understood that other locating features can be used, generally 

15 including any set of complementary structures on the trial and protector. 

In the illustrated embodiments, the studs 46, 48, 52, 54 and lands 64, 66 are 
positioned so that they are spaced from areas of the tibial insert trial 30A that will be 
in contact with the convex condyles 14, 16 of the femoral trial 12 A. Thus, the studs 
and lands do not interfere with normal use and operation of the trials. 

20 In addition, if it is desired to positively locate the sensor array 26A relative to 

the insert trial articulating surface 38 or the facing surface 36 of the protector 28 A, 
28B, sensor array locating structures could be formed or otherwise provided on the 
insert trial or on the protector. For example, a depression corresponding in shape to 
the shape of the sensor array 26A could be formed on the distal or facing surface 36 
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of the protector 28 or on the proximal surface of the tibial insert trial 30A, 30B to 
positively locate the sensor array. Alternatively, as shown in FIGS. 15-17, a two layer 
protector 28G could be employed: a distal layer 68 could have a cut-out 70 shaped to 
correspond to the shape of the sensor array 26 A, and a proximal layer 72 could be 
5 shaped and constructed substantially like the protectors 28A, 28B of one of the 

preceding embodiments. The two layers 68, 72 and sensor array 26A could then be 
assembled and mounted on an insert trial 30A, 30B like those of the first illustrated 
embodiments. Similar designs may be employed for the other sensor arrays 26D-F 
and protectors 28D-F. 

10 Another alternative embodiment of a protector 28C is shown in FIGS. 12-14. 

In this embodiment, the protector comprises a first or proximal portion 74 and a 
second or distal portion 76. The two portions 74, 76 are joined together along an axis 
78 through two hinge portions 80, 82 in a clam shell configuration. The two portions 
74, 76 are similarly shaped so that the first portion 74 essentially nests in the second 

15 portion 76. The distal facing surface of the distal portion 76 has two areas that each 
have a convex contour to be received in the concave contours of the proximal surface 
38 of the insert trial 30C. The proximal surface of the proximal portion 74 has two 
areas with concave contours to receive the convexly contoured distal surfaces 14, 16 
of the femoral trial 12 A. In this embodiment, the sensor array 26A is received 

20 between the two portions 74, 76 of the protector. In this embodiment, a single 

distally-extending stud 84 is carried by the proximal portion 74 of the protector 28C; 
the underlying portion of the sensor array 26A or the electrical leads have an aperture 
86 for receiving the stud 84, as does the underlying distal portion 76 of the protector 
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and surface of the tibial insert trial. This alternative protector structure could also be 
employed in systems designed for use with other joints. 

In all of the illustrated embodiments, the instrumented trial defined by the 
assembly of the insert trial 30A-F, protector 28A-G and sensor array 26A, 26D-F can 
5 be disassembled so that at least the sensor array 26A, 26D-F is separate and discrete 
from the protector 28A-G and insert trial 30A-F. This design allows for reuse of the 
elements of the system and re sterilization of the components 26A, 26D-F, 28A-G, 
30A-F by the method most suitable to that component. 

Examples of other potential additional uses of the modified system of the 

10 present invention are illustrated in FIGS. 1 8-23. FIG. 1 8 illustrates a protector 28D 
and sensor array 26D removably mounted to the concavely contoured surface an 
acetabular liner trial 30D that is received in a shell trial 32D. An example of a trial 
femoral head 12D, with a convexly contoured surface is illustrated in FIG. 19. 
Together, the instrumented acetabular trial 10D and femoral head 12D comprise a 

1 5 system that allows for intraoperative assessment of tension and for soft tissue 

balancing during hip joint arthroplasty. In this embodiment, the protector 28D has a 
plurality of holes 90 around an annular non-articulating surface 92 for mounting the 
protector 28D and sensor array 26D to studs 94 on the annular non-articulating 
surface 96 of the trial liner 30D. The sensor array 26D is between the curved 

20 contours of the protector 28D and the articulating surface 98 of the liner trial 30D; 
these complementary contours form the flexible sensor array 26D into a 
complementary curved shape, as illustrated in FIG. 18. It should be understood that 
the particular arrangement illustrated in FIG. 1 8 is provided by way of example only. 
Variations in mounting mechanisms and in shapes and designs of the protector are 
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possible, as described above for the embodiments for use with the knee trials. As in 
the prior embodiments, the instrumented trial assembly 10D can be disassembled into 
discrete elements 26D, 28D, 30D, 32D so that the elements 26D, 28D, 30D, 32D can 
be sterilized independent of one another. The femoral component 12D of the system 
can also be independently sterilized. The above-described features could be 
employed with hip trials available from DePuy Orthopaedics, Inc. of Warsaw, 
Indiana. 

FIG. 20 illustrates a protector 28E and sensor array 26E removably mounted 
to the convexly contoured articulating surface 100 of a humeral head trial 30E for use 
in shoulder arthroplasties. FIG. 21 is a cross-section of a glenoid trial 12E with a 
concavely contoured articulating surface 102 for receiving the articulating surface 104 
of the protector 28E of the instrumented humeral head trial 10E. Together, the first 
trial 10E and second trial 12E comprise system for assessment of tension and for soft 
tissue balancing during shoulder joint arthroplasty. In this embodiment, the sensor 
array 26E and the protector 28E both have convex contours like the articulating 
surface 100 of the humeral head trial 30E. In the illustrated embodiment, the 
protector 28E includes a plurality of extensions 106, 108 that fold over the outer edge 
of the articulating surface 100 and extend over part of the non-articulating surface 
110. The portions of the extensions 106, 108 that extend over the non-articulating 
surface include studs 112, 113 that are received in complementary holes 1 14, 1 15 in 
the humeral head trial 30E to removably mount the combination of the sensor array 
26E and the protector 28E to the trial 30E. As in the prior embodiments, the 
instrumented trial 10E can be disassembled into discrete elements 26E, 28E, 30E so 
that the elements 26E, 28E, 30E can be sterilized independent of one another. The 
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glenoid component 12E can also be independently sterilized. The above-described 
features could be employed with shoulder trials available from DePuy Orthopaedics, 
Inc. of Warsaw, Indiana. 

FIG. 23 illustrates a protector 28F and sensor array 26F removably mounted to 
5 the concavely contoured articulating surface 120 of a radial trial 30F for use in wrist 
arthroplasties. FIG. 22 illustrates a trial metacarpal component 12F for use in wrist 
arthroplasty. The metacarpal component 12F has a convexly contoured articulating 
surface 122. Together, the instrumented trial 10F and second trial 12F comprise a 
system for assessment of tension and for soft tissue balancing during wrist joint 

10 arthroplasty. In the embodiment illustrated in FIG. 23, the trial 30F has undercuts 124 
to receive tabs 126 for temporarily mounting the protector 28F and sensor array 26F 
to the trial 30F. As in some of the prior embodiments, the curvature of the 
articulating surface 128 of the trial and curvature of the facing surface 130 of the 
protector 28F form the flexible sensor array 26F into the curved configuration 

15 illustrated. And as in the prior embodiments, the instrumented trial 10F can be 

disassembled into discrete elements 26F, 28F, 30F so that the elements 26F, 28F, 30F 
can be sterilized independent of one another. The second trial 12F can also be 
sterilized independent of the components 26F, 28F, 30F of the first trail 10F. The 
above-described features could be employed with wrist trials available from DePuy 

20 Orthopaedics, Inc. of Warsaw, Indiana. 

Although not illustrated, it should be understood that the principles of the 
present invention can also be applied to trials used in other joint arthroplasties, such 
as trials used in implantation procedures for elbow and ankle prosthetics. Trials for 
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other joint arthroplasties that could be modified as described above are available from 
DePuy Orthopaedics, Inc. of Warsaw, Indiana. 

For all of the illustrated trials, some variation in the above-described 
components, system and methods may be desirable. For example, the thickness of the 
5 prosthetic trial may be adjusted. Instead of the trial body being dimensioned 

substantially like the corresponding final implant component, the trial body can be 
made slightly thinner, to account for the thickness of the protector and sensor array. 
Thus, the body of the trial 30A-30F can be made 1/32 inch thinner than the implant to 
account for the thickness of the polymer layer, and can be made an additional 1 mm 

10 thinner to account for the thickness of the sensor array; however, it may be desirable 
for the total insert to be slightly thicker than the reduction in thickness of the trial to 
insure loading of the insert 

For all of the illustrated embodiments, the protector 28A-28G may be formed 
into the illustrated contoured shapes by any appropriate means, such as by machining 

15 or molding. For molding the protectors 28A-28G, the base material can be supplied 
in sheet form and then vacuum molded over the articulating surface of a trial, such as 
surface 38, 98, 100, 120 of trials 30A, 30B, 30C, 30D, 30E, 30F or can be vacuum 
molded over a form provided for that purpose. Excess polymer material can be 
trimmed away. The resultant polymer protector 28A-28G has a curved contour or 

20 contours closely approximating the shape of the articulating surface of the trial. For 
the embodiments of FIGS. 12-14, both layers 74, 76 can be formed in the above 
manner and then joined together along axis 78 by affixing hinges 80, 82 to the two 
layers 74, 76 by any appropriate means such as glue or welding. For the embodiment 
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of FIGS. 15-17, the two layers 68, 72 can both be formed by molding such as by 
vacuum molding. 

The material for the protector 28A-28G should be such that the protector 
retains its shape after the molding operation is complete, and so that the protector is 

5 capable of holding its molded shape when mounted on the trial with the flexible 
sensor array between the protector and the trial. 

It may be desirable to mold the protector 28B-28C and 28E-28F around a form 
that also creates a mounting mechanism such as a stud 52, 54, 84, 1 12, 113, flap or tab 
126, for example, integral with the remainder of the protector 28B-28C and 28E-28F. 

10 A form could also be designed so that one or more holes 40, 42, 60, 62 are formed 
during the molding process for the protectors 28A, 28D and 28G. Alternatively, 
before or after the molding process is complete, a mounting stud or other mounting 
member could be bonded to the sheet or formed protector, mechanically connected to 
the polymer sheet or formed protector or could be supplied to the surgeon as a 

1 5 separate component. Holes can be cut or otherwise formed into the protector or trial 
at any time during the manufacturing process. Cut-outs such as those shown at 46, 48 
can also be formed in any of the illustrated protectors 28A-28G at any point in the 
manufacturing process, such as by molding them into place or later cutting them out 
of the formed protector, and lands or other positioning members could also be 

20 included and formed as part of the protector or could be made separately and later 
affixed to the protector. 

The trials 30A-30F can be formed in the standard manner. If made of a 
polymer, they can be molded into the illustrated shapes. For the embodiments 
including male mounting members such as studs 46, 48, 94 as part of the trial 30 A, 
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30D, the male studs can be formed integral with the trial by molding, by machining 
them, or by separately forming and then inserting and affixing the studs to the trial. 
For the embodiments including apertures or holes 56, 86, 114, 1 15 or undercuts 124 
as part of the trial 30B, 30C, 30E, 30F, the holes or undercuts could be formed as part 
5 of the trial during the molding process or later machined or otherwise cut into the 
formed trial. 

It should be understood that the above-described manufacturing processes are 
provided as examples of possible methods for making the components of the 
instrumented trials 10A-10F of the present invention. The invention is not limited to 

10 this or to any other process unless expressly called for in the claims. Other processes 
may be used. For example, if the polymer protector is formed over a metal base 
having a top surface shaped like the trial body articulating surface, other forming 
methods can be used, including methods utilizing higher temperatures. 

For each embodiment, the protector 28A-28G, sensor array 26A, 26D-26F and 

15 first and second trials 30A-30F, 12A-12F can then be packaged and sterilized as 

separate units, together as one group, or in sets of elements designated for particular 
sterilization techniques. The modularity of the modified system of the present 
invention is advantageous in that independent sterilization is possible, and the 
sterilization method can be tailored to best fit the element. For example, given the 

20 expense of the sensor array, a sterilization method that maximizes the service life of 
the sensor array can be selected. 

Conventional sterilization methods include gas plasma, steam, ethylene oxide, 
gamma irradiation and chemical disinfection. These methods provide several options 
for sterilization of the components of the modified system of the present invention. 



Attorney's Docket No. DEP-777NP PATENT APPLICATION 

Express Mail No. EU048062812US 

24 

As disclosed in "APPARATUS, SYSTEM AND METHOD FOR 
INTRAOPERATIVE PERFORMANCE ANALYSIS DURING JOINT 
ARTHOPLASTY," one example of a suitable system for sterilizing the sensor array is 
the STERRAD® 100S Sterilization System, a low temperature sterilization system 
5 available from Advanced Sterilization Products of Irvine, California. The cycle in 
this commercial system comprises evacuation of the sterilization chamber to 400 
mTorr, automatic injection and diffusion of 1 .8 ml of vaporized H2O2 and activation 
of low temperature H2O2 gas plasma with 400W RF power at 500 mTorr pressure for 
17 minutes. During the second half of the cycle, the above steps are repeated. The 

10 sterilization chamber is then vented to return it to atmospheric pressure. 

An additional advantage of providing a modular system as in the present 
invention is the potential need for fewer sensor arrays. Typical surgical kits include 
trials of various sizes. It may be desirable to provide fewer sizes of sensor arrays, or a 
single sensor array, that can be used with several or all of the sizes of trials. The 

1 5 number of protectors provided can correspond with the number of trials provided, or 
fewer protectors can be provided. Costs can be significantly lowered if fewer sensor 
arrays, or a single "one size fits all" sensor array is provided. 

Assembly of the components of the modified system can be done at the 
hospital by the surgeon or the surgical staff. The flexible sensor array 26A, 26D-26F 

20 may be placed against the articulating surface 38, 98, 100, 120 of the trial 30A-30F 
and shaped into the illustrated curved contours. The flexible sensor array can also be 
shaped into the illustrated curved contours be placing it against the facing surface 36 
of the protector 28A-28F, or may be placed between the facing surfaces of the layered 
protectors 28C, 28G of the embodiments of FIGS. 12-17. The flexible sensor array 
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28A-28F can also be sandwiched between opposing complementary curved surfaces 
to shape the sensor array into the illustrated curved contours. The protector 28A-28F 
and sensor array 26A, 26D-26F can then be removably mounted to the trial 30A-30F 
to lock or fix these elements in place for use and to lock or fix the flexible sensor 

5 array 26A, 26D-26F in its contoured shape. The method of removably mounting or 
fixing the protector and sensor array to the trial will vary with the type of connecting 
elements used. Generally, for a press-fit or snap-fit connecting system, the stud or tab 
46, 48, 52, 84, 94, 112, 113, 126 is pushed or snapped through any hole such as holes 
60, 62 in the sensor array, and into the receiving recess or hole 40, 42, 56, 86, 92, 1 14, 

10 1 1 5, 124 temporarily locking the trial 30A-30F, sensor array 26 A, 26D-26F and 
protector 28A-28G together to define an instrumented trial 10A-10F. 

The assembled instrumented trials 10A-10F of the present invention can then 
be used by the surgeon in the manner set forth in "APPARATUS, SYSTEM AND 
METHOD FOR INTRAOPERATIVE PERFORMANCE ANALYSIS DURING 

1 5 JOINT ARTHOPLASTY." 

The surgeon performs the initial surgical steps in the standard manner. When 
the point of trialing is reached, the surgeon uses the assembled instrumented joint trial 
10A-10F of the present invention instead of prior art joint trials, along with a standard 
complementary prosthetic joint trial 12A, 12D-12F. The electrical connector of the 

20 sensor array is hooked up to one end of a lead cord, shown diagrammatically at in 130 
FIGS. 1, 4, 9, 12, 17, 18, 20 and 23, the other end of which is hooked up to a 
computer (not shown). The lead cord 130 can be kept sterile in the field by covering 
it with a clear tube drape. The system may also include an image recorder (not 
shown), such as a digital video camera, that is also connected to the computer. The 
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computer may be programmed with commercially available software for analysis of 
the data provided by the instrumented tibial trial; suitable software is available from 
novel Electronics gmbH under the designation "pliance" ("pliance FTM-KE" 
software, along with other components such as a "pliance FTM-KE" electronics 
5 analyzer, other novel KE software, etc.). 

The surgeon then manipulates the patient's limb, taking the joint through its 
full range of motion. As the surgeon does so, the articulating surface of one trial 
contacts the contoured surface of the protector 28A-28G that is mounted on the other 
trial. Depending on the gap between the resected bones and the size of trials used and 

10 the condition of the soft tissue around the joint, there will be forces between the 

articulating surfaces of the trials. These forces may vary in concentration, position 
and magnitude with, for example, the position of the joint. The surgeon may 
concurrently analyze the pressure distribution in areas of the trials to ensure that 
pressure is not unduly concentrated in one area, to thereby maximize the longevity of 

15 the implant. 

From the forces measured and pressure distributions, the surgeon can also 
determine whether additional bone must be removed, whether soft tissue needs to be 
released, and whether the size of implant is optimal, for example. A series of small 
soft tissue releases can be performed, and the surgeon can analyze the effect of each 
20 to ensure that the release is not excessive. Data from the sensor array can be recorded 
simultaneously with video images, so that the surgeon is not limited to "real time" 
evaluation, but can also review the data after manipulating the joint. 

The surgeon may wish to use the assembled instrumented trials of the present 
invention in conjunction with standard surgical tensors, particularly those that 
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measure force mechanically. Thus, the output from the sensor array can be calibrated 
to correlate with the mechanical measurement. The surgeon may also wish to use the 
prosthetic trials of the present invention together with spacer blocks. 

The display at the computer may include, for example, a video image, a 
5 display of the magnitude of force, and a display of the concentration of pressure. As 
indicated above, the data can be recorded so that the surgeon is not limited to real 
time analysis. It should be understood that these displays are identified by way of 
example only; the present invention is not limited to any particular display or to the 
use of a computer with such inputs unless expressly called for in the claims. 

10 In cruciate retaining knee arthroplasty procedures, the surgeon can use the 

information provided to release the posterior cruciate ligament. The surgeon can 
balance the posterior cruciate ligament with the trials in place, and can assess balance 
using objective data. 

After the surgeon is satisfied with the flexion and extension gaps, the size and 

15 components of the prosthetic implant trial and the balance of forces exerted by the 
soft tissue surrounding the joint, the surgeon can then select the optimal prosthetic 
implant components and continue with the surgery in the normal manner. 

The surgeon or surgical team can later disassemble the instrumented trial by 
removing the protector 28A-28G from the trial 30A-30F, such as by pulling the studs 

20 out of the complementary holes. When the protector 28A-28G is removed, the 
flexible sensor array 26A, 26D-26F is released. The individual elements of the 
system can then be re-sterilized separately by whatever technique is selected and then 
reused by assembling an instrumented trial from the re-sterilized elements. Although 
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it may not be desirable to re-sterilize all of the elements, given the cost of the sensor 
array, it is desirable to re-use the sensor arrays. 

It will be appreciated that the principles of the present invention can also be 
applied to the training of surgeons. For example, the system and method of the 
5 present invention could be used in learning surgical techniques on cadavers. The 
system of the present invention may also prove useful in optimizing the designs of 
implants. 

Although the illustrated embodiments of the invention are associated with one 
trial for each of the joints, such as tibial trials in the embodiments of FIGS. 1-17, it 
10 should be understood that the other trial, such as the femoral trial, could alternatively 
or additionally be the instrumented one. 

While only specific embodiments of the invention have been described and 
shown, it is apparent that various alternatives and modifications can be made thereto. 
Moreover, those skilled in the art will also recognize that certain additions can be 
15 made to these embodiments. It is, therefore, the intention in the appended claims to 
cover all such alternatives, modifications and additions as may fall within the true 
scope of the invention. 

It should also be understood that regardless of the form of the following 
claims, no portion of the preambles of the claims are admitted to be prior art. 



20 



